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ABSTRACT 
 
The desire to increase food production in the midst of an escalating population growth and international food 
demand has been a critical issue under discussion. This paper employed quantile regression approach to 
identify the heterogeneous effect of physical inputs on growth of Chinese agriculture for different production 
levels from 1978 to 2014. The results revealed that the yield effect of land, labor, agricultural machinery, 
irrigation, energy and fertilizer application differ in both patterns and magnitude across the selected quantile 
points and OLS estimate results. However, the effect of fertilizer application is significantly positive on crop 
and livestock production, which is 2-4 times higher than the contribution of land and irrigation. However, 
since increase in fertilizer application is posing a lot of threat to the environment and causing low quality of 
food production, the study proposes development of fertilizer-sensitive technologies and sensitization of 
farmers on the application of N fertilizers to reduce the menace.  
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1.0 INTRODUCTION 
 
The increasing demand for food after the reforms in 
1978 has aroused the interest of many policy makers 
to ensure a continual supply of food to meet the 
consumption demand in the midst of an escalating 
population growth and international food dependency.  
The  commencement of  rural reforms since 1978 has 
ignited positive interest among researchers on 
agricultural productivity desirous of decoding the 
puzzles to sustainable agricultural development and 
its consequential effect on China dependent countries 
(Shenggan Fan & Pardey, 1997; Shenggen Fan, 
Zhang, & Zhang, 2004; Huang & Rozelle, 2015; 
Johnson, 1998; Lin, 1992; Ling, 1991; Po-Chi, Ming-
Miin, Chang, & Shih-Hsun, 2008; L. Zhu, 1991).  
 
Thus, the rapid growth in agricultural production 
after the reform period has been attributed to the shift 
from  production teams to family house-based 
farming (Shenggen Fan et al., 2004; Huang & 
Rozelle, 2015; Kevin Z. Chen, Dr Suresh Chandra 
Babu, Gautam, & Yu, 2015; Po-Chi et al., 2008).  
 
 
 
 
With only 7 to 10 percent of arable worldwide, China 
produces food for about 25 percent of world’s 
population.  
However, in as much as Chinese agricultural sector is 
experiencing some drastic changes, the sector has 
been recording rapid growth in some major sectors 
like crop, livestock and fishery sector. For example, 
the grain output, which is made up of maize output, 
wheat output and rice output decreased from 4.7% 
during the early stages of the reforms (1979-1984) to 
2.5% in the latter part of the reform era (2006-2010). 
Moreover, beef and poultry production amounted to 
27% and 43% of the entire world production in 2008. 
This implies that livestock, fishery and forestry 
sectors in China have experienced rapid grow aside 
the crop-first agriculture.  
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Figure 1: The trend of physical inputs over 1978 – 2014. 
Source: Authors’ calculations based on data compiled from China Rural 
Statistical Yearbook (1980-2014) 
 
For instance, the output growth of crop production 
reduced from 82% in 1970 to 55% in 2010, whilst 
the fishery production also moved from 2% in 1979 
to 10% in 2010 and forestry sector recorded 4% in 
the same year. According to related literature, the 
source of agricultural growth has been attributed to 
several factors as listed in (table 1). The study 
conducted by Po-Chi et al. (2008) revealed that the 
productivity growth between the period of 1990 to 
2003 was due to technological progress. McMillan, 
Whalley, and Zhu (1989) revealed that price 
adjustment policies introduced during the reform 
period increased the productivity growth of 
agriculture. Moreover, Wu, Walker, Devadoss, and 
Lu (2001), added that the rapid growth in the 
agricultural sector was due to technological 
innovation and use of modern inputs. M. Xu (2012) 
and Huang and Ma (2010), maintained that  the 
increase in agricultural production  between 1988 to 
2002  and 1985 to 2008 was possible due to increase 
in the use of land, labor and capital. Lin (1992) 
linked agricultural productivity growth to 
decollectivation and adjustment in procurement 
prices from 1978 to 1984. Based on the related 
literature, the important aspect of measuring the 
productivity growth of agriculture, which has been 
overlooked, is estimating the conditional quantiles of 
agricultural productivity growth in China after the 
reform period.   
In this study, we employed quantile regression to 
gain deeper understanding of how physical inputs in 
agriculture contribute to agricultural productivity 
growth by modelling the conditional distribution of  
crop production and livestock production. 
  
 
 
 
 
2.0 MATERIALS AND METHODS 
2.1 Quantile Regression 
Quantile regression method proposed by Koenker 
and Bassett Jr (1978), throws more light on ordinary 
quantiles  in a location model to general class of 
linear models. The conditional quantile estimates are 
performed by quantile regression with each n
th
 
quantile showing different behavior in the 
conditional distribution (B. Xu & Lin, 2016). 
According to Koenker and Bassett (978), quantile 
regression generalized the sample quintiles of 
conditional quantiles expressed in linear functions of 
explanatory variables. As stated by Variyam, 
Blaylock, and Smallwood (2002), this is analogous to 
OLS regression model, which only expresses the 
conditional mean in a linear form. However, by 
allowing conditional functions to be specified at any 
point across the selected quantiles,  quantile 
regression helps to describe the whole of the 
conditional distribution of the responsive variables 
with given regressors. The quantile regression 
generalized median regression estimate to other 
quantiles. However, Ordinary Least Square 
regression (OLS) only  factors in the mean effects of 
the response variables (H. Zhu, Duan, Guo, & Yu, 
2016). One feature of quantile regression is the 
ability to characterize the entire conditional 
distribution when there is an element of 
heteroskedasticity error in the data.  
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According to Variyam et al. (2002), when there is 
homoskedasticity in the data, the set of slope 
parameters of conditional quantile functions in the 
selected quantiles of the responsive variable’s 
distribution will be the same as each quantile and 
with the slope parameters of the conditional mean 
function. Therefore, the quantile regression across 
the selected quantiles of the distribution of the 
responsive variable reproduces the OLS slope 
coefficients (Variyam et al., 2002). Currently, 
quantile regression has become core research topic in 
econometrics due to its advantages it has over OLS 
and other regression models. Quantile regression is 
believed to hardly assume the moment of function (H. 
Zhu, Guo, & You, 2015). Secondly, there is a robust 
result from quantile regression as compare to OLS, 
which implies that the estimated results will be free 
from abnormal observations (Ni, Wang, & Xue, 
2015). Further, quantile regression model does not 
make distribution assumptions. According to B. Xu 
and Lin (2016), the random disturbances term of 
least-squares regression model is subject to 
dependent and  identical distribution (iid), which is 
normally distributed.  
 
2.2 Model Estimation 
Following  C. Chen (2005) and Buchinsky (1998),  
we established that quantile regression generalizes 
the concept of  univariate quantile to a conditional 
given qauntile or many covariates. We however, 
developed the model below; 
i i oia b   with 0( )i i iQuant a b b      where, 
1,...,i n  Where o  and ia  are 1K   vectors, and
1 1ia  . ( )Quant a b denotes th . Conditional 
quantile of a given b . Also, let  .uf b  denote the 
density of u given 
7.a  
If the distribution of the covariate vector b has finite 
support, with Pr    1,...,j ja b j j   , 
 we can obtain a minimum distance (MD) estimator 
for  .  The MD estimator, which solves min
   1ˆ ˆ,Q G A Q G     is given 
 
1
1 1
,
ˆ ˆ' 'G A G G A Q 

  where  
   ' 1 ˆ,...., , ,j j jQ Q Q Q Quant a b b Q         is 
the estimate of G  is a J K  matrix ( )J K with 
rows 
'jb  1,.., ,j J ,PA a positive-definite 
matrix. A standard MD result is that 
   ˆ 0, ,MD MDN N       where    
 
(1)  
 
1
1 1 1 1' ' ( ' ) ,MD DG G G G G G 

         
 
2 2
1( / ,..., / )D J Jdiag       is the asymptotic 
covariance of ˆ ,Q and 
 2 21 / (0 )jj uf b b     . An efficient 
estimator of
D
 . One can regard the liner 
specification of    Quant a b as merely an 
approximation for a more complex function. The 
parameter vector of the linear predictor is defined by 
 arg min ' ,E a b      where  
  0 ,I     and  .I is the usual indicator 
function.  Letting  *Q GB   denote the population 
linear predictor of the conditional quantiles ,Q it 
follows that  
 
(2)  ˆN       
   
1
1 1 ˆ' 'G A G G A n Q Q 

    
 1 1 1 1 1 1( ' ) ' ( ' ) ' ( )N G A G G A G G G Q G          
. According to Chamberlain (1991) for  
 1 1 ,...., jA diag N N N N   jN is the number of 
observations with jb b ,
   0 0ˆ 0, MD MN N       , where    
   1 1 2 21' ' / ,...., /M j j jG G G diag     

    
 
1
1 1' ,G G G

     With '
j j
jQ b     , 
corresponds to term in  ˆN    . 
Koenker and Basset (1978) stated  that the quantile 
regression estimator for  (where b need to be 
discrete) to solve  
(3)    
1
1 1min sgn ' '
2
N
t i j i
i
a b a b
N


   
 
 The 1K  vector of first-order conditions (F.O.C) for 
the problem in (3) is given as  
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(4)   1 12 2
1
1 ˆsgn ' 0
N
i t t
i
a b b
N
 

     
That is, the first-order conditions in (4), denotes a 
moment function, which is applicable to GMM 
framework. The moment function has been specified 
below 
(5)     12, sgn 'i i i i ib a b a a         
The above equation reveals that under certain 
regularity conditions  , , 0i iE a b     ,which 
establishes the validity of  . in (5) as a moment 
function. However, the GMM framework can be 
adopted to establish the consistency and asymptotic 
normality of ,
ˆ
 , the estimator of  . Under certain 
conditions, the model can be shown that 
   ˆ 0,N N      , where  
         
1 1
1 0 ' ' 0 'u i i i i i u i i iE f b bb E bb E f b bb   
 
         
 
2.3 Data Source 
The data for livestock and crop production 
representing agricultural production in the study   
were obtained from gross output value of crop 
production and livestock production. Land refers to 
area of all land; cultivated on non-cultivated 
area/sown or transplanted with crops that are 
harvested within the calendar year by agricultural 
products. The labor input is measured in person-year 
equivalent to workers who are engaged directly into 
production in agriculture. Fertilizer data reflects the 
quantity of chemical fertilizers applied in agriculture 
in a year, including nitrogenous fertilizer, phosphate 
fertilizer, potash fertilizer and compound fertilizer. 
Data on machinery represents the total power of 
agricultural machinery of both large and medium-
sized tractors, small tractors and diesel engines. Data 
on irrigation is taken from the area of land that is 
effectively irrigated. That is the sum of watered 
fields and irrigated fields where irrigated systems or 
equipments have been installed for regular purposes. 
Data on energy is obtained from total energy 
consumption in agricultural sector. All data used 
were obtained from China Statistical Yearbook, 
various issues, 2015, from the period of 1978 to 2014. 
 
3.0 RESULTS AND DISCUSSION 
Conditional quantile functions for gross output value 
of crop and livestock production are estimated at four 
selected quantiles (p=4). In table 2 and 3, we report 
coefficient estimates for crop and livestock 
production, respectively. To compare the quantile 
estimates, the second column in each table presents 
the results of OLS estimation. We also used quantile 
graphs to illustrate how each covariate effects vary 
across different quantiles points. The R
2s,
 are high 
indicating strong model fit. Surprisingly, the fertilizer 
coefficients for all the response variables are 
statistically significant across OLS estimate and the 
selected quantile points.  
Results from table 2 indicate that crop production 
response to farmlands is positive across all quantiles 
and statistically significant at OLS estimate. The 
contribution of land to the production of crops is 
much greater at the upper quantiles of the distribution 
as compare to the lower quantiles. This implies that 
an increase in irrigated lands in most of the farm 
areas in China boost regular supply of food. However, 
the OLS estimate results is higher and significant as 
compare to the estimated results in the 20th quantile. 
The resulted impact of farmlands at 20th and 40th 
quantile is smaller than the upper 60th and 80
th
 
quantile production (figure 3). Our findings are 
consistent with Nin-Pratt et al., (2010) who found 
that after the reform period, land alone contributed 
about 110% to agricultural productivity growth. The 
contribution of labor to crop production at the OLS 
estimate and 20th quantile  is negatively significant 
at the lower quantile and OLS estimate, which 
confirms the  finding of Huang and Ma (2010). 
Though,  labor contributes negatively to productivity 
growth of crop production at the lower quantile and 
OLS estimate, it performs creditably at the higher 
quantiles of the distribution. For instance, at the 
lower quantile (20th), labor decreases crop 
production by 138%, it however, contributes to an 
average of 54% and 154% at the upper and mid-
quantile respectively, table 2. 
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Table 1. OLs and Quantile Regression Estimate:  Crop Production, 
1978-2014 
 
In our opinion, the fall in labor contribution at the 
lower quantile of the crop distribution can be 
attributed to increase in the use of   farm machineries 
and other intermediate goods, which make the 
production process less labor intensive. From 
quantile graph provided in figure 2, it is visible that 
the impact of labor on crop production in the higher 
quantiles is greater than that in lower 20th and 40th 
quantiles. However, from table 2, it is observed that 
the productivity effect of crop production for labor at 
the higher quantiles of the yield residuals is positive. 
The fall at the lower quantile and OLS estimate could 
also be attributed to the effect of unobserved ability 
of farm labors on diminishing returns to the land 
input.  For fertilizer application, though the effect of 
land on crop production is positive across OLS 
estimate and the selected quantiles, the coefficients 
of fertilizer is statistically significant across all 
quantiles and higher than the returns to farmlands. 
There is high evidence of increasing marginal effect 
of fertilizer application at the higher quantiles but 
surprisingly, the greatest effect is more visible at the 
40th quantile  (figure 2). This is possible due to 
effective policies instituted by the central 
government to increase food production. For 
example, the study conducted by Nin-Pratt, Yu, and 
Fan (2010) disclosed that during the pre reform 
period, fertilizer application contributed more than 
90 percent to agricultural productivity growth. 
However, the returns to fertilizer consumption are 
not surprising because the granting of subsidies to the 
fertilizer industries in China alone increased fertilizer 
production by 670 percent in 2003.  Again, according 
to Zhang, Zhang, and Ma (2007), the demand for 
fertilizer in the cropping sector amounted to 87 
percent of the total fertilizer production, which has 
increased  growth in agriculture.  
The study also measured the impact of agricultural 
machinery on crop production. Agricultural 
mechanization as the name implies is the utilization 
of motorized equipment such as plow, harrow and 
other equipment for farming activities.  It also 
implies using agro-chemicals like insecticides, 
herbicides and improved seeds to improve food 
production. However, though agricultural 
mechanization reduces labor cost, it increases capital 
expenses for machinery and other farm equipment. 
Thus, due to the poor nature of farmers in rural areas,  
it is extremely difficult to purchase simple farm 
machines; hence, farm mechanization seems to be an 
expensive practice for most of the farmers in rural 
areas. Moreover, according to SARKAR, ROY, and 
CHATTOPADHYAY (2013), the degree of 
agricultural mechanization highly depends on 
specific requirements of yields grown, nature of the 
crops and more importantly, the season in which the 
crops are grown.  The technological improvements in 
Chinese agriculture since the reform period have 
brought about the revolutionary increase in the 
agriculture sector. Surprisingly, the growth rate of 
food production particularly in the area of corn, rice 
and meat has increased tremendously.  Table 2 
further discloses that the effect of agricultural 
machinery on crop production is below what is 
expected at the OLS estimate results as well as mid-
quantiles (40
th
 and 60
th
) but unexpectedly contributes 
significantly   to crop production at the 80th quantile.   
Figure 2. The effects of physical inputs on crop production: OLS 
versus quantile regression 
Source: Authors’ calculations based on data compiled from China 
Rural Statistical Yearbook (1980-2014) 
 
The estimated result in the 20th quantile is in 
consistent with the study conducted by (Shenggan 
Fan & Pardey, 1997). By comparing the estimated 
results for fertilizer application to irrigation, it is 
clear that the effect of fertilizer consumption on crop 
production outperforms that of irrigation despite the 
government effort to expand the irrigation systems in 
most of the rural areas in China.  Furthermore, the 
coefficient of energy is positive at both OLS estimate 
and the higher quantiles together with the magnitude 
of the coefficient, which increases across the selected 
quantiles (figure 2). Moreover, the results indicate 
that land effect on livestock production is uniformly 
positive across the selected quantiles and OLS 
estimate (table 3). The influence of land on livestock 
production increases monotonically from the lower 
20th quantile to the 40th, 60th, and 80th quantiles of 
livestock production (figure 3).  
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Table 2: OLS and Quantile Regression Estimate: Livestock 
Production, 1978-2014 
 
This implies that the more farmlands are allocated to 
the various households, the stronger the effect on 
livestock production, on the other hand, in the 80th 
quantile, the coefficient of land for crop production is 
19% higher than that of livestock production.  
Moreover, the contribution of labor to livestock 
production is positive and varies across the selected 
quantiles in terms magnitude and direction (table 3). 
From the results of the study, the effect of labor at 
the lower quantiles is weaker as compared to the 
higher quantiles. The reason might be the changes in 
consumers’ diets from the consumption of grains and 
cereals to protein-rich food, which has attracted 
many farmers to the livestock sector. The results also 
revealed a strong effect of fertilizer consumption on 
fishery production, particularly in the 40th quantile, 
which can be attributed to increasing demand for fish 
feeds in China. From figure 3, in as much as the 
yields effect of farmlands and fertilizer application 
are positive, they differ in pattern and magnitude 
across the selected quantiles.  
From table 3, the effect of fertilizer consumption on 
livestock production   is 2-3 times higher than 
farmlands. The results of this study confirms  the 
study conducted by (Z. Chen, Huffman, & Rozelle, 
2009). Moreover, the effect of irrigation on livestock 
production continuously increases from the lower 
20th quantile to the upper 40th, 60th, and 80th 
quantiles (figure 3). This indicates that an expansion 
of irrigated lands directly increases livestock 
productivity in rural China.  
In our view, this as a result of investment in water 
infrastructure projects by the central government. For 
example, from the period of 2005 to 2014, Chinese 
government invested about to 2.3 trillion Renminbi 
on water projects, whereby closed to 44.7 percent 
was spent on irrigation and diversification of water. 
In addition, the impact of energy production to 
livestock production also increases continuously 
from the lower quantile to the upper quantiles. 
Though the coefficient estimate at 20th quantile is 
negative, the OLS estimated results and results at  the 
upper quantiles of the distribution are significant at 5% 
level. Also, the resulted effect of energy in the upper 
quantiles is higher.  
 
 
Figure 3: Effect of Physical Inputs on livestocks; OLS vrs Quantile 
 
Source: Authors’ calculations based on data compiled from China 
Rural Statistical Yearbook (1980-2014) 
 
4.0 CONCLUSION  
Using time series data in China from 1978 to 2014, 
this paper investigates the effect of physical inputs on 
productivity growth of Chinese agriculture. Currently, 
the determinants of agricultural productivity growth 
are drawing many researchers’ attention; however, 
most of these studies based their results on OLS 
regression. The paper argued that productivity 
growth of agricultural research should start being 
more concerned with the impact of explanatory 
variables on different parts of agricultural production 
distribution. From the results of this study, the impact 
of the explanatory variables on the different quantile 
points of the conditional distribution of the 
responsive variables helps us to measure the 
relationship between productivity growths in the 
various sectors of agriculture and its influencing 
factors at different production levels. The findings 
clearly reveal that, for productivity growth in 
agriculture, the contribution of land, labor, fertilizer, 
irrigation and energy in the upper 80th quantiles of 
the distribution is higher than the lower 20th, 40th 
and 60th quantiles and the OLS estimate results. 
However, the resultant effect of fertilizer application 
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across the selected quantiles and OLS estimates is 
statistically significant. Moreover, for crop 
production, the resultant effect of land in the 60th 
quantile is higher as compare to the lower and upper 
80th quantiles of the distribution, whilst the impact 
of labor is negative across the selected quantiles 
points and the OLS estimate. In addition, the effect 
of fertilizer application in the lower 40th quantile is 
higher than the upper quantiles of crop production, 
whilst the impact of agricultural machinery is higher 
in the lower 20th quantile point. Furthermore, the 
resultant effect of irrigation and energy at the higher 
quantiles is higher than that of the lower quantiles of 
crop distribution. Additionally, the impact of land, 
labor, fertilizer application, irrigation and energy on 
livestock production in the upper 80th quantiles is 
higher than that of lower quantiles, whilst the 
resultant effect of agricultural machinery is higher in 
the lower 20th quantile points. Furthermore, for 
fishery production, the impact of land and fertilizer 
application is higher in the lower 20th quantile as 
compared to the higher quantile points, with fertilizer 
being statistically significant across quantiles and 
OLS estimate, whilst that of labor is higher at the 
higher quantiles. Finally, the impact of agricultural 
machinery on fishery production is higher at the 40th 
quantile, whilst irrigation and energy is higher at the 
upper 80th quantile. The results of this study will 
have implications for future studies on how the 
physical inputs such as land, labor, fertilizer, 
machinery, irrigation and energy consumption 
contribute to the productivity growth of Chinese 
agriculture by taking into consideration crop and 
livestock production.  
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